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1 



This invention relates to methods and materials fiir radiating a snr&ce 
immersed in a fluid especially radiating with ultraviolet^ deep idtraviolet or vacuum 
ultraviolet radiation, to materials and methods of patterning a resist layer, to metiiods of 
removing such layers, to blanks for patterning; and to products made by such methods and to 
5 apparatus for carrying out such methods. 



It is knocm to produce or process sinaUer featmres on substrates by irmd 
through a fine mask or steering a focused beam for example. Exanq>les of products made 

10 using such processes can include semiconductor integrated circuits and optical devices such 
as high density optical storage discs. A number of problems arise as the feature size is 
reduced to achieve integration of more components or features on a given size of substrate. 
For example fhe wavelmgtii of die electromagnetic radiation may limit the feature size, and 
fine particles of dust can cause critical defects. 

15 It is known firom US ])atent 5610683 to immerse the substrate in a fluid having 

a higher refiactive index than air and ^ply a pattern to the substrate lithographically. This 
can improve the depth of focus and effectively reduce the minimum feature size. It is 
acknowledged in later US patent 5900354 that immersion optics had been avoided for 
semiconductor lithography and inspection for four reasons. 



20 1. Bubbles at the fluid/tesist interfece can scatter light and cause shadows which 
cause defects. - 

2. It can be hard to remove all traces of the fluid. 

3. The fluid can carry contaminants or can otherwise damage existing features. 

4. — I^ocess steps to counts the first three problenis can add proems complexity 



25 and cost US patent 5900354 suggests using a super critical fluid. 

It is also known firom EP 1075672 to address the problem of unwanted particle 
deposition onto masks and wafers during conventional non-immersion lithography. It is 
mentioned that masks can be coated with a protective membrane of silicon, although it is 
suggested that sudi membranes are not suitable for advanced lithography using high ^ergy 
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radiation of photons, electrons ions or atoms, and suggests instead using thennophoresis to 
avoid such deposition. 

This document also mentions that surface defects can be related to particulate 

matter being deposited onto surfaces of reticles (masks) and wafer substrates during the 
5 various op^tions required to produce integrated circuits. It indicates that Ifae need to 

msantfan these surj&ces substantially Jfree of particulate matter has long been recognized in 
the microelectronics industry and various schemes to do so have been proposed, such as 
those set forth in U.S. patents 5,373,806 and 5,472,550. The former discloses the use of 
thermal energy, sudi as the use of radiant energy, SF, or resistance heating, to substantially 

10 eliminate electrostatic attraction as a mechanism for particle transport and deposition during 
gas phase processing while the latter describes the use of the photpphoretic effect to capture 
partidles by projecting a laser beam inside the processing chamber along a trajectory that 
does not contact the substrate sur&ce. 

Tlie concern about printable defects caused by particle deposition onto 

15 surfaces is said to be of particular importance for the next generation of lithographies, 

including proximity x-r^ lithogrq)hy, direct-write and projection electronrbeam lithography 
(SCALPEL), diiect-write and isrqjection ionrbeam Utiiography, and extreme ultraviolet 
(radiation having a wavelength in the region of 3.5-15 nm) lithography (EUVL) which must 
provide for exclusion of particles with diameters greats than 0.01 pm. Because of the 

20 importance of protecting lithographic surfaces, such as reticle from deposition of particulate 
matter for next generation lithographies aUmiative protection schemes such as clean 
encapsulation of the exposure chamber, protective gas blasokets, and inrsitu cleaning of mask 
sur&ces have been investigated. However, each of these alternative schemes has 
disadvantages and none have been developed successfully. 

25 



It is an. object of the. invention, to provide improved materials and processes or 
apparatus for lithography. 

Accordingic a firsta^ecl; the mvention.provides a method of irradiating a 
30 surfeGcnTnmorsedjn a fluid_v/iih axadiation^uice, the method comprimngr- 

applying:2:reni?>~^isbls £isni5}3TentJ[ayer to.the zvs&co^ 

T^r.'iijp^^g'TnHir^.-T^ nvTOT Kiii r tj!r} ifhTOiig^ the iTrmfgrrrrnri fluid ifa'rni^ 
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The Ifaickness of the removable tranqjareat la 
impeifections in tiie fluid are out of focus as projected onto the sur&ce. It is estunated that 

the total required thickness of the removable transparent layer should be such that the Strehl 

Ratio is not less than 95%. The Strehl ratio indicates the difi^ence between intensity^ of an 
5 ideal and a disturbed Point Spread Function (PSF). The disturbed PSF is caused by a particle 
or bubble. A critical situation is when tiie particle or bubble is as close as possible to die 
substrate to be processed, for example whsa the particle or bubble is touching the surface of 
the removable transparent layer. The thickness of the removable transparent layer may be 200 
nm or greater, e.g. SOOnm or greater, 1 micron or greats or S micron or greater. The required 

10 thickness well depends upon the expected size of the particles or bubbles as well as llie 

optical characteristics of the optical system. Typically tbe immersion medium, Aether gas or 
liquid, has an index of refiaction at tbe wavelength of the radiation source which is higher 
than that of air/vacuum. For most practical purpoises this is a liquid, pief^bly water. 

An advantage of the transparent layes is that it helps distance certain 

1 5 imperfections fix>m the focus of the radiation on the sur&ce and so can reduce or eliminate 
shadowing. Hence, the irradiation can be more complete, and defects reduced. It can be 
Iiarticularly effective for imperfections in the form of particles or small bubbles in the 
immersion fluid, e.g. at the fluid/surfece interfece. Bubbles can originate fiom the liquid 
itself or may be produced by gas escaping feom a solid layer or adsorbed th^eon. Larger 

20 bubbles or particles are rarer and can be dealt with in otiier w^s. Ihe radiation can be for 
any purpc^e including inspection, processing, patterning and so on. The immersion fluid can 
be any fluid including high refiactive index liquids or gases. 

Additional features which can form dependent claims include the surface 
comprising a photosensitive layer such as a resist layer, and the projecting conq)rising 

25 projecting a pattern onto the photosensitive layer, e.g. to pattern the resist layer. Such 

photosensitive layers e.g. resist layers can be particularly srasitive-to defects-and in many 

cases a single defect can ruin the entire substrate. 4. The patterned resist layer can be used as 
a mask in a further lithographic step, e.g. to pattern an underlying layer such as a 
semiconductor, conducting or insulating layer. 

30 Another such additional feature is the removal of the transpar^ lay^ 

preceding or being combined with a step of developing the resist layer. 

The transparent layer can be removed by any suitable chemical or mechanical 
method or, for example, by a heat treatment step. Mechanical methods of removing the 
transparent layer can be by cl^vage. Chemical methods include wet or drying etching. 



4 



Combinations of chemical and mechanical methods can be used, e.gi Chemical Mechanical 
Polishing. A particiilarly preferred method is the transparent layer being partly or completely 
dissolved by a fluid, which could be the same fluid as is used for developing the resist This — 
can make the process easier since no additional removal step is needed. Properties of the 
5 transparent layer may be changed by incidence of radiation and/or by heat treatment The 
solubility of the transparent layer may be altered after the immersion in the immersion fluid. 
This can be particularly useful if the immersion fluid and the developer are both water based 
for example. The radiation used to change the solubility properties preferably has a different 
wavelengtti than that used to pattern any underlying photosensitive layer(s). For oxanqile, 

10 another such additional feature is the altering being carried out by a post exposure bake 

process or that the altering is carried out by a flood exposure at a difierent wavelength to the 
actinic radiation used for patterning photosensitive layeF(s). 

Another such additional feature is the transparent layer comprising an upper 
and a lower layer, the itpper layer having an altmble solubility. The use of multiple layers 

IS . can make it easier to retain existing process steps without modification, for example resist 
coating through to resist developmuent steps. 

Another such additional feature is the lower layer having a filter function to 
protect the resist layer fiom the altering step. 

Typically the lithogr^hic methods of the present invention will be used in 

20 processing of SCTUConductor or polymeric materials fer the manufecture of electronic devices 
and components such as integrated circuits. 

Another aspect of the invention provides a method of patterning a 
photosensitive layor such as a resist covered by a transparmt protective layer, having the 
steps of projecting a pattern through the transparent protective lay^ onto tiie photosensitive 

25 layer sudi as the resist; altering the solubility of the protective layer, and removing the 

protective layer. The methodmay include-developing the xesist before-removing the 

protective layer. This helps show thatit is not alwa;^ essential to include the steps of forming 
the Jtransparent layer, nor essential that thfijr^ist be immersed; Th& abovementioned 
additionaLE^ture3'can:apply to this or ofhenaspscts^; 

30 Anothsnaspect of thsdnventioajjrasdd^ a mefliod.of removingia ismosisible 

y^t^?Tn^^^'^y^7^rv ^?T;prir?m5 ijie f^ir^jsof Trmagisigg thcla;^ widEHitjdiisgolving'it alte ri ng t he^ 
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Another aspect of the xaveotiQa provides a blank suitable for patterning, 
having a photosensitive layer such as a resist layer, and a ronovable transparent protective 
layer, the removable protective layer being formed of a material of alterable solubility. Such ^ - 
blanks can be separately tradeable» valuable products and articles of manu&ctore. 
5 Another aspect provides a product mamifactured by any of the above methods. 

Inparticular this can encoinpass an mtegraled circuit an 
optical roaster disc, and optical discs produced from such a master, for example. 

Another aspect inrovides apparatus arranged to cany out any of the above 

melhods. 

10 Other advantages will be apparent to those skilled in the art, particularly in 

view of other prior art not known to the inventors. Any of the additional features above may 
be combined togetfa^, or combined with any of the aspects of the invention. How the present 
invention may be put into effect will now be described with reference to the £Q3pended 
schematic drawings. Obviously, numerous variations and modifications can be made without 

15 departing firom the claims of the present invention. Therefore, it should be clearly understood 
that the form of the present invention is illustrative only and is not intended to limit the scope 
of flie present invention. 



20 The features of the invention will be better understood by referrace to tiie 

acconq)anying drawings, which illustrate preferred embodiments of the invention. In the 
drawings: 

Figs. la-Id shows a schematic view of a process iUustcating a problem to be 

addressed, 

25 Figs 2a and 2b show a similar schematic view of an embodiment of the 

-mvention;: 

Figs 3 and 4a-4d show another embodiment using a bilayer pellicle with a 
-sotefeility of the top layer altered during resist e?cposure, and showing steps in exposing 
through the pellicle and removing the pellicle, 
30 Figs 5a-5d show another embodiment using a bilayer pellicle with a solubility 

of the top layer altered by a flood exposure prior to a post exposure bake» 

Figs 6a-6d show another embodiment using a bilayer pellicle with a solubility 
of the top layer altered during a post exposure bake. 
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Figs 7, 8a-8d show another embodiment using a single layer pellicle with a 
solubility of the top layer altered by a flood exposure prior to a post exposure bake^ and 

Figs 9a-9d show another-embodiment using a single layer pellicle with a 

solubility of the top layer altered during a post exposure bake. 

5 



The present invention will be described with respect to particular 
embodiments and with reference to certain drawings but the invention is not limited thereto 
but only by the claims. The drawings desmbed aie only schematic and are non-limiting. In 

10 the drawings, the size of some of the elements may be exaggerated and not drawn on scale 
for illustrative purposes. Where Ihe term ^^coinprising" is used in the present description and 
claims, it does not exclude other elemmts or steps. Where an indefinite or definite article is 
used when referring to a singular noun e.g. "a" or "an'^ "the", Ifais includes a plural of that 
noun unless something else is specifically stated. 

IS . Furthennore, the tenns first, second, third and the like in the description an^ 

the claims, are used for distingoishing between similar elements and not necessarily for 
desoibing a sequential or chronological order. It is to be understood that the terms so used 
are interchangeable mider ^iprapriate circumstances and that the embodiments of tiie 
invention described h^:ein are capable of operation in other sequences than described or 

20 illustrated herein. 

The present invention will be described mainly with reference to altering the 
solubility of a transparent protective lay^ but the present invention is not limited to this 
method. The transparent layer can be removed by any suitable chemical or ntiechanical 
method or, for example, by a h^ trratment step. MSedianical methods of removing the 

25 transparent layer be by cleavage. Chemical methods include wet or dijong etching. 

Combinations of chemical and mechanicaL-methods can be used, e.g. Chemical Mechanical- 
Polishing. -The particulariy preferred method is the transparent layer being^ partly or 
conQ)letely dissolved by a fiuid,JE;9hidi.couldbe the samejfiuidas is used for developing the. 
r^i^Thia.canjii2k^ths.procc^'ea^er sscg^ejno additionaLieiEioval step is needed. Properties 

30 of ihe-transparentlayer majrbe chsngfid by incidcnc£Lof radistionLandZor by heatiieatment.^ 
TlQ^3lm^3iE^'of '8m.ir^^ in th 3im rnMf . ^iod 
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example, a post e^osare bake process or a flood e>qposure at a difEetCTt wavelengih to the 
acdnic radiation used for patterning photosensitive layer(s) may be xised to change the 
—solubility characteristics. 

Etnbodiments of the invention wQl be described in the context of immersion 
5 lithography though other applications, other than lithographic patterning, are included within 
the scope of the present invention, e.g. inadiation for inspection or for otfa^ processing steps, 
and examples of other types of immersion. For example, the present invention can be used in 
patterning of microelectronic circuits or mastering of hig^-density optical discs. Figs la-d 
show for reference a process showing an effect of one of the key concerns in immersion 

10 lithography, Uxo formation of defects in the exposed resist pattern as a result of li^t bdbog 
scattered from bubblra^articles present in the immersion fluid during e)q)osuie. The 
immersion medium can have an index of refraction at the wavelength of the radiation to be 
used in the optical system which is higgler than that of air/vacuum. For most practical 
purposes ftis is a liquid, preferably water. 

IS The wavelength of light typically used for lithography is similar to UVC, i.e. 

in the range 90 to 280 nm. For particle sizes less than 10% of the wavelength there is little 
scatter, i.e. less than 1%. Thus, particles or bubbles of the order of 10 nm to 20 nm are 
inrobably not significant in maaay practical ^plications and equipment Using a wavelength of - 
193 nm it has been estimated that a pellicle thickness of 200nm or more is required to . 

20 guarantee a Strehl ratio above 95% for a bubble of 50nm in conventional lithographic 

equipment Similarly, for lOOnm bubbles, a pellicle ttiickness of 1 lOOnm or more is preferred 
and for a bubble size of 200nm a pellicle thickness of 340Qnm or more is preferred. For more 
advanced methods of computing scattered en^gies for spherical and oth^ objects which can 
be used to optimize the thickness of the transparent layer, see "Light Scattering by particles: 

25 Computational Methods", P.W. Barber and S. C. Hill, World Scientific, 1990. 

In Fig. la radiation-in-the form-ofli^t-fi:om a source (not shown) is-shone 

down onto a sur&ce exemplified in the form of a photosensitive layer such as a resist layer 
(layer 2) on a substrate (layer 1). The source of radiation may be visible, infir^red, ultra- 
violet, e;g. deep ultraviolet (DUV), actinic, or vacuum ultraviolet (VUV) radiation, or other 

30 forms of electromagnetic radiation. The photosensitive layer is not limited to a resist layer, 
e.g. it may also be made of a material such as photosensitive BCB which after development 
provides a patterned insulating layer, e.g. in the formation of c^acitors. Jn the following 
reference will be roade to resist in the context of examples of ^[iplication of the invention, 
however wherever the word "resist" occurs it should be understood that any photosensitive 
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layer is also disclosed and included witiun the scope of-tfae present invmtion. The radiation is 
focused by a lens or other projection system (not shown) to form a pattem of two lines or 

. - - points on <he-resist. The substrate is immersed in an iromersion fluid (layer 3), so that the 

radiation, e.g. light passes through the immeision fluid to reach the resist Fig lb shows the 
5 result after exposure and removal of the immersion flidd. The pattem remains in the r^ist, 
and the substrate can proceed to further processing steps (not shown). In figs Ic and Id, the 
effect of a small imperfection in the immersion fluid such as a particle or bubble at the 
boundary of the immersion layer and the resist layer is shown. This particle creates a shadow 
on the resist doring exposure. The result in figure Id is a defective pattem in the resist which 

10 can lead to a defective end product 

The proposed solution to this problem is the use of a transparent spacing layer 
termed an 'immersion pellicle' or optical spacer. The 'immersion pellicle' is designed to 
ensure that small bubbles/particles» which axe present in the immersion fluid, e.g. at the 
fluid/pellicle inter&ce, are kept sufficiently *out of focus' during exposure of a sur&ce, e.g. a 

1 5 photosoisitive. Larger bubbles or particles which are large enou^ to shadow flie sur&ce are 
rarer, and easier to detect and remove by other means such as filtering or heating for 
example. Figures 2a and 2b show an example in the context of a process for OKposing a 
pattem on a resist film on a substrate. 

Ausefiil additional feature of fiiis "immersion pellicle' is that^ in addition to 

20 providing particle protection to the resist film, it is preferably easily removable after 

eTcposure, but prior to, or during the subsequent development of the resist This removable 
'immersion pellicle' can consist of a single or multiple layers, depending on the properties of 
the constituent materials and the preferred process flow. However, the total thickness of the 
pellicle should be sufficient to ensure that any particles that settle on the top surfece of the 

25 pellicle are sufficiently fer firom the focal point of the optical system, so as not to irqpact the 
qiHility-of the image-projected onto the resist For-exan^^le, for a-50nmbubble*a'peUicle" 
tfaickness of bjetween 20Qnm:and 1000nm,.e.g. between SOO and lOOQnm would be sufficient, 
depending on the projection arrangement of the radiation and.its:wav6lengffa.. 

A numherof pdlicle d^gns.aro possible. It in usefaLbut not-essential if the. 

30 pellicle ia designedjco be in2iiublB.inthB.immer£S!Dn.flmd^T;j^^^ 
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paragraphs several single and bi-layer pellicle embodiments are described, to enable such 
altering. 

Figs 3 and 4a-4d, EXAMPLE 1 : 
S This example is notable for the bi-layer pellicle consisting of a developer soluble bottom 
layer and a photosensitive top layer for which solubility switohing is initiated during resist 
e3q>osure. The develops may be water based The bottom layer may be water soluble. For 
this embodiment, the basic materials are conmierdally available. The bottom layer may be 
made of materials used as anti-reflective coatings such as AZ Aquatar, JSR Microelectronics 
10 NFC520/NFC640 coatings. Optionally, an adhesive layer may be sQiplied between the bottom 
layer and the top layer, e.g. apruner such as HMDS or TMSDEA. Processing can be carried 
out using existing processing equipment, or the existing equipm^Lt can be adapted to 
automate the new steps. 

IS Pellicle Composition for example 1: 

A schCTaatic drawing of a structure including the pellicle is shown in figure 3. Layer 1 is a 
substrate, layer 2 is the resist, layer 3 is Ifae inun^on fluid, and layers 4 and 5 are the 
peUicle. Hie pellicle serves to space apart the resist flom the imm^ion fluid. The pellicle is 
comprised of two layers; a bottom layer (lift-ofF naaterial), layer 4 ^^ch is soluble in a resist 

20 developer solution (independent of exposure) and a photosensitive top protective layer, layer 
5, for which solubilily switching is initiated during e:q>osure of the resist and conqileted 
during the subsequent post exposure bake (PEB). An optional adhesive layer may be applied 
betwe^ die lift-off layer 4 and the photosensitive layer S. 

25 Process Flow for example 1 : 
The basic-process flow is-as-foUows: ^ . 

a. Spin-coat resist layer (not shown) and optional bake step 

b. Spin-coat bottom peUicle layer (not shown) and optional bake step 

c. Spin-coat top pellicle layer (not shown) and optional bake step 
30 d. E^qjose resist in scanner (fig 4a) 

e. Post expose bake PEB resist (fig 4b) 

f. Develop resist (fig 4c) 
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Figures 4a-4d schematically represeats the process flow during exposure and 
development. The scanner can be any exposure tool such as a scanner, stepper or step-scan 
tool. The formation of the layers can he carried out by conventional mefliods such as spin 
coating or other methods. As such methods of formation are well known, they need not he 
5 described fturther here. During exposure of the wafer, in addition to exposing selected regions 
in the resist (layer 2), regions in the pellicle top layer (layer 5) are also exposed (Figure 4a). 
Again, such exposure methods and apparatus to project a pattern onto the resist and focus it 
accurately, are well known and need not be described here in more detail. If this top layer is 
based on a chemically amplified (CA) resist chemistry, the dissolution characteristics of this 

10 top layer will remain unchanged until after the subsequent FEB. As a result of the FEB step, 
the exposed regions of the top pellicle layer will become soluble in developer solution 
(Figure 4b). Thus during development of the wafer, the e:q)Osed regions of the top protective 
layer will dissolve exposing the soluble bottom pellicle layer and exposed resist to the 
developer solution, allowing these layeis to be developed, and lift-off of the unescposed 

15 regions of the top pellicle layer to occur (Figure 4c). Fig 4d shows the result after lift oflF, 
showing the patterned resist, ready fi)r any further process steps (not shown). 

An advantage of this process is that all proce^ii^ hetweea resist coating and 
development can be earned out in an existing standard lithographic sjrstem without 
modification to the apparatus. In principle the steps of fig 4 and the other figures can be used 

20 with other processes, other ways of creating the layers, other types of radiation for other i; 
purposes and other post processing steps for example. The pellicle can still serve its purpose 
without being con^letely transparoat, and in some cases need not be removed, or completely 
removed. It can comprise more tiian two layers. 

25 Figs 5a-5d, EXAMPLE 2: 

This is similar to example 1- in that a bi-layer pellicle is used. It difiEers-in that the layers- - 
consist of a developer soluble bottom layerandphotosensitive top layer for which solubility 
switching is initiated during a flood GKpowre subsequent to the i^ist exposure and prior to 
Post ErposuEB Bats .(PER)' For this^jproach, the baaic. materials ace commerdaDy 

30 available^ss indicsted above. Prccessing^canie carried.out using erfstingprocessing 

eq^iipm rnt^ ? liiiniigh tiia.proc^c floxy doG3TBquiiSL33LadiTtfcm'=»l florid g^rosureisfiaie wafbr_ 
to csrrisdxiirt^rar^^ g juvuli/Aiglh fcrxThisdii, . 
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Pellicle Con^osition for example 2 is similar to exaiEy>le 1: 
Layer 1 is a subsliate. layer 2 is the resist, layer 3 is Ihe-immersion fluid, and layers 4 and 5 
are the peUicle, as shown in figure 3. The pellicle serves to space apart the resist fiom the 
immersion fluid. The pdlicle is comprised of two layers; a bottom layer (lifl:-ofiFmaterial), 
\duch is sohible in the resist developer solution (independent of exposure) and a 
photosensitive top protective layer, for which soluWUty switching is initiated via a flood 
e3q)osure of the top peUide layer. The underlying resist layer is 'shielded' fiom this flood 
ejqjosure tou^ die filtering nature of the pellicle bottom layer. An optional adhesive layer 
maybe^Uedbetweentfaelifl>oflflayer4 and the photosraisitive layer 5. 



Process Flow fi)r example 2: - — 

The basic proce^ flow is as follows: 

g. Spinrcoat resist layer (not shown) and optional bake step 

h. Spinrcoat bottom peUicle layer (not shown) and optional bake step 

i. Spin-coat top pellicle layer (not shown) and optional bake step 
j. Expose resist in scanner (fig 5a) 

k. Flood exposure of top pellicle layer (second wavelength, fig 5b) 
I. Post expose bake PEB resist (fig 5c); 
m. Develop resist (fig 5d). 

Figs 5a.5d schematically represent the process flow during exposure and 
development The scanner can be any e>q,osure tool such as a scanner, stepper or step-scan 
tool. During exposure of the wafer, in addition to exposing selected regions m the resist 
(l^er 2), regions m the peUicle top layer (layer 5) may also be exposed (Figure 5a). A 

subsequent flood exposure^wavelangth-for whicb the top^jellicle layer is sensitive and 

either ihe bottom nellicle layer is ao^j-^aa^jae^* =r ±c resist is inssusidve. ensures that the 
top peUicle layer is fiiUy dissolvable in fee resist develops sohition (Figure 5b). If this top 
layeris-based on a chemicaUy ampUfied (CA) resist chemistry, the dissolution characlaistics 
of this top layer wiU remain unchanged until after the subsequent PEB. As a result of flie PEB 
step, fee top peUicle layer wiU become soluble in developer solution (Figure 5c). Thus during 
development of fee wafer, fee flood exposed top protective 1^ win dissolve raqiosmg the 
soluble bottom peUicle layer and e^qiosed resist to fee developer sohition, aUowing these 
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layers to be developed (Figure 5<^. Again an advantage is that all processing between resist 
coating and development can be carried out in an existing standard litho track. 

. Figs 6a-^d, EXAMPLE 3: 
5 Again tliis is similar to exanq>le 1 in that a bi-layer pellicle is used In this case the layers 
consist of a developer soluble bottom layer and a top layer for vi/inch solubility switching is 
initiated via a post exposure bake PEB. For this approach, the basic materials are 
commercially available as indicated above. Proc^sing can be carried out using existing 
processing equipment, or the existing equipment can be modified to automate the new steps. 

10 

Pellicle Conq>osition for example 3: 
Again the stnxctuie shown in figure 3 is used Thej^eliicie is comprised of two layers; a 
bottom layer (lift-off material), nsdiich is soluble in the resist develops solution (independent 
of esgposure) and a top protective layer, for which solubility switching is initiated via a post 
IS eTcposure bake. The bottom pellicle layer serves to prevent potential nmdng of the top pellicle 
and resist layer during the spin-coating i»rocess. Switching of the solubility of the top pellicle 
layer should occur at a temperature below that at "odiich switching occurs for the resist layer. 
An optional adhesive layer may be ^>plied between the lift-off layer 4 and the top layer S. 

20 Process Flow for example 3: 

The basic jirocess flow is as follows: 

n. Spinrcoat resist layer (not shown) and optional bake step 

o. Spin-coat bottxmi pellicle layer (not shown) and optional bake step 

p. Spin-coat top pellicle layer (not shown) and optional bake step 
25 q. B^oso resist in-scaxmer (fig 6a) 

T.-Post-ffiqiose baI»PEB resist (fig 6b) 

s. Develop resist(fig 6c) 

Figs 6a-6d schematically rspreseatJhe process^flow during eiqposure and _ 
30 dsj^elopnifint The_sc2imssiJD3nJbe:sny 0qjQ2m:e_tool such_^:a sownsr^ stepper or step-s^^ar _ 



PHNL031533EPP 



' 13' 23 12.2003 " 

bottom pellicle layer and esq>osed resist to the developer solution, allowing these layers to be 
developed (Figore 6d). As before, an advantage is that all processing steps between resist 
coating and development can be carried out in an e?usting standard Utho track^wilh minor 
modifications (addition of flood exposure unit). 

5 

Figs 7, 8a-8d, EXAMPLE 4: 
In this case, a single layer pellicle is used. The pellicle consists of photosensitive material for 
which solubilily switching is initiated during a flood 6>cposure subsequent to the resist 
exposure and prior to Post Exposure Bake PEB. For tiiis approach, the basic materials are 
10 commercially available as mdicated above. Processing can be carried out using existing 

processing equipment, although the process flow does require an additional flood eiqposure of 
the v^afer to be carri^ out after the resist e3q)05ure, at a wavelength for which the pellicle 
layer is sensitive and the resist is non-sensitive. Existing apparatus can be modified to 
automate the new steps. 

15 

Pellicle Composition for example 4: 
As shown in figure 7, layer 1 is a substrate, layer 2 is the resist, layer 3 is the immersion 
fluid, and layer 4 is the pellicle. Hie pellicle is con^rised of a single layer, for which 
solubility switching is initiated via a flood exposure of the pellicle layer after exposure on the . : 
20 resist in the scanner. The scanner can be any exposure tool such as a scanner, stepper or step- 
scan tooL The underlying resist layer is insensitive to the wavelength at which this flood 
exposure occurs. 

Process Flow for example 4: 
25 The basic process flow is as follows: 

1. Spin-coat-resist layer (not shown) and optional bake step 

u. Spin-coat pellicle layer (not shown) and optional bake stq* 
V. Expose resist in scanner (fig 8a) 

w. Flood exposure of pellicle layer (second wavelength, fig 8b) 
30 X. Post expose bake PEB resist (fig 8b) 
y. Develop resist (fig 8c) 

Figs 8a-8d schra[iatically represrat the process flow during exposure and 
developnotent The somner canbe any 6:q>osure tool sudb as a scanner, stepper or step-scan 
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tool. During exposure of the wafer, in addition to exposing selected regions in the r^ist 
(layer 2), regions in the pellicle layer (layer 4) may also be exposed (Figure 8a). A 
subsequent flood exposure at a wavelength for which the top pellicle layer is sensitive and — 
the resist is insensitive ensures that the pellicle layer is fully dissolvable in the resist 
5 developer solution (Figure 8b). If this top layer is based on a chemically an:q)lified (CA) 
resist chemistry, the dissolution characteristics of this top layer will remain unchanged until 
after fihe subsequent FEB. As a result of the FEB step, the top pellicle layer will become 
soluble in developer solution (Figure 8c). Thus during development of the wafer, the flood 
exposed top protective layer will dissolve e^qposing exposed resist to the developer solution, 
10 allowing this layer to be developed (Figure 8d). Again an advantage is that piocessiag can be 
carried out using existing processing equipment, although the process flow does require an 
additional flood exposure of the wafer. Existing ^sparatus can be modified to automate the 
new steps. 

15 Figs 9a-9d, EXAMPLE 5: 

The pellicle consisting of a material for whidi solubility switching is initiated during a post , 
exposure bake FEB. For this approach, the basic matmals are commercially available as - 
indicated above. Processing can be carried out using existing processing equipment 

20 Pellicle Coooposition for example 5: 

Pellicle is conxprised of a single layer, as shown in figure 7, for whidi solubility switching is 
initiated via a post exposure bake of the pellicle layer after exposure on the resist in the 
scanner. The scanner can be any eKposare tool such as a scanner, stepper or step-scan tooL 
Switching of the solubility of the top pellicle layer should occur at a temperature below that 

25 at which.switdiing occurs for the resist layer. 



Process Flow foaaGSiample 5: 
The basic process flow is as follows: 

2. Spin=^coatx^i£tJa3CDr (not shown) and^optionaLbabfiLStep * 
3 0 aa. Spinrcost peUicle. la^fsr^not shosm) andLoptional bgke-Sfcpp 
bb. Enpai^CTezisfcin cc2aGeii(fis 9s 
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Figs 9a-9d sdiematicaUy repiesent the process flow during exposure and 
development The scanner can be at^ exposure tool such as a scanner, stepper or step-scan 
tool. - ' : ' 

During exposure of the wafer, only resist layer is e^qjosed (Figures 9a and 9b). 
S During the subsequent post exposure bake, the solubility of the pellicle layer is switched such 
that tbe pellicle layer is fhUy dissolvable in the resist developer solution (Figure 9c). During 
development of the wafer, the pellicle layer will dissolve e3qK>sing the resist to tbe develops 
solution, allowing this lay^ to be developed (Figure 9d), As before, an advantage is that all 
procrasing between resist coating and development can be carried out in an existing standard 
10 Utho track with minor modifications (addition of flood esqtosure 
be modified to automate the new steps. 

Figs 10-12, process overviews 
Fig 10 shows an overview of a process according to an embodimenL In step 10, a transparrait ' 

IS layer is applied to a sur&ce. At step 12, radiation is projected tiiroug^ tiie transparent layer to ! 
focus on the surfoce. At step 14 the transparent layer is removed. This set of steps can be 
appliedtoawide variety of plications. Fig 11 shows an overview of a process according to 
another embodiment At step 16, a pattern is projected onto a resist layer tiiough a transparent . 
layer on the resist At step 1 8, the solubility of tiie transparent layer is altered. At step 20, the 

20 resist is developed and the transparent layer is removed, by dissolving, hi Fig 12, a sur&ce 
having a protective layer is immersed at step 22. At step 24, the solubility of the protective 
layer is altered by light or other radiation. At step 26, the protective layer is dissolved. Again 
these sets of steps can be applied to a wide variety of applicatioi^. 

As described above, a method of irradiating to pattern a photosensitive layer 

25 such as a resist (layers 1 ;2) immersed in a fluid (layer 3), involves applying a removable 

— transparent layer (layer 4 or 4 and-5)rprojecting-the-radiatioa onto the photosensitive layer 

through the inunersion fluid and through the transparent layer, such that imperfections in the 
fluid are out of focus as projected on the surface, and subsequmtiy removing tiie transparent 

- layer. The transparent layer can help distance such imperfections from the focus of the 

30 radiation on the surface and so can reduce or eliminate shadowing. Hence the irradiation can 
be more complete, and defects reduced. It can be particularly efi&ctive for imperfections in 
the form of small bubbles in the immersion fluid, e.g. at the fluid/sur&ce interface. The 
radiation can be for any purpose including inspection, processing, pattroiing and so on« The 
removal of the transparent layer can be carried out by any suitable method, e.g. mechanical. 
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chemical or heat trMtment and may be combined with a step of developing an underlying 
photosensitive layer such as a resist layer. Other variations can be envisaged which are 
intended to be wilhin the scope of the claims. 

A method of irradiating to pattern a photosensitive layer such as a resist layers 
1,2 immersed in a fluid layer 3, involves applying a removable transparent layer layer 4 or 4 
and 5, projecting the radiation onto the resist through the immo-sion fluid and through the 
transparent layer, such that imperfections in the fluid are out of focus as projected on the 
sur^e, and subsequentiy removing the transparent layer. The transparent layer can help 
distance such inq)erfections fix>m the focus of the radiation on the sur&ce and so can reduce 
or eliminate shadowing. Hence the irradiation can be more conqilete, and defects reduced. It 
can be particularly effective for inq>erfections in the form of small bubbles or particles in the 
hnmersion fluid especially at the fluid/surface int^iace for example. Hie radiation can be for 
any purpose including inspection, processing, patterning and so on. The removal of the 
transparent layer can be combined with a step of developing the resist layer. 



CLAIMS: 



1 . A metbod of irradiating a sur&ce (layers 1 and 2) comprising a photosensitive 
layer and inunersed in an immersion fhiid (layer 3), the method comprising: 

applying a removable transparent layer (layer 4, or layers 4 and S) to the 

surface, 

S - projecting electromagnetic radiation onto the sur&ce through the immersion 

fluid and through the transparent layer, and 
- ..- sobsequently removing>the transparent layer. - — - 

2. The method of claim 1 , "(vherein the projecting comprises projecting a pattern 
10 onto the photosensitive layer. 

3. The method of claim 2, ^therein the photosensitive layer is a resist layer and 
the projecting comprises projecting a pattern to pattern the resist layer. 

IS 4. The method of claim 3, fiirther comprising a step of using the patterned resist 

layer as a mask in a fiirther lithographic step. 

S. The method according to claim 1, wherein the thickness of the removable 

transparent layer is such that imperfections in the immersion fluid are out of focus as 
20 projected on the sur&ce. 

o. me method of claim 2, wnerem the step of the removal of me uansparent 

layer precedes or is combined with a step of developing the photx>s6nsitive layer. 

25 7. The method of claim 1, the transpar^ layer being removed by dissolving with 

a dissolving fluid. 

8. The method according to claim 7, wherein the dissolving fluid is used for 

developing the photosensitive layer. ~ 
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9. The method of claim 1 comprising a step of altering the solubility of the 
transparent layer aft^-the imm^ion in the immersion fluid. — ^ 

5 10. The method of claim 9» the altering being carried out by a post esqiosuie bake 

process. 

11. The method of claim 9, the altering being carried out by a flood exposure at a 
diiSerent wavelength to liie wavelengdi of the radiation. 

10 

12. The method of claim 1, the transparent layer comprising an upper and a lower 
iay&Ty the upper l^er having an alterable solubility. 

13. The method of claim 12, the lower layer having a filter function to protect the 
15 resist layer fix)m the altering step. 

14. A method of patterning a photosensitive layer covered by a tran^arent 
protective layer, the method coinprising: 

projecting a pattern through the transparent protective lay^ onto the 
20 photosensitive layer, ' . i 

altering the solubility of the protective layer, and 
rCTioving the protective layer with a solvent 

15. The m^od of claim 14, wherem the photosensitive layer is a resist, further 
25 comprising the step of developing the resist 

16. A method of removing.a rsnovable protective layer comprising the st^s of 
inmnersmg the layer withourdissolving^it altering tija solubility oftheJayer by a flood 
radiation, step, thsn dissohringJhe Jayer.. 

30 

17. A blsiiliimitdsle^forpattenririg^ phtitcKsn3itive:l!35rgi7and.aj^^ 



ABSTRACT: 



A mediod of irradiating to pattern a photosensitive layer such as a resist 
(layers 1,2) inmxersed in a fluid (layer 3), involves applying a removable transparent layer 
(layer 4 or 4 and 5), projecting the radiation onto the resist through the immersion fluid and 
Ihrou^ the transparent layer, such that imperfections in the fluid are out of focus as projected 
5 on the surfece, and subsequently removing the transparent layer. The transparent layer can 
help distance such imperfections from the focus of the radiation on the sur&ce and so can 
reduce or-eltminate shadowing. Hence the irradiation can be more complete, and-defects- - - - 
reduced. It can be particularly effective for imperfections in the form of small bubbles or 
particles in the immCTsion fluid especially at the fluid/surfece inter&ce for exanq^le. The 
10 radiation can be for any purpose including inspection, processing, patterning and so on^ The 
removal of the transparmt layer can be combined with a step of developing the resist layer. 

Fig 4a 
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apply layer to surface 


Figure 10 
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project radiation through transparent layer to focus on surface 








14 


remove transparent layer 





Figure 1 1 



16 


project pattern through transparent layer onto resist 
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alter solubility of transparent layer 
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20 


develop resist and remove transparent layer 





22 immerse surface having protective layer 



24 alter solubility of protective layer by radiation 



26 dissolve protective layer 



Figure 12 
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